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(54) Title: THE USE OF BACTERIAL PHAGE ASSOCIATED L\T1(: ENZYMES TO PREVENT FOOD POISONING 

^ (57) Abstract: The present invention discloses a method and composition for the treatment of bacterial contamination of food by 
^ the use of a phage associated lysing enzyme, preferably blended with an appropriate canrier. The method for treating food stuffs 
2 comprises treating the food stuffs with an an ti -infection agent comprising an effective amount of at least one lytic enzyme produced 

by a bacteria infected with a bacteriophage specific for the bacteria.. Additionally, chimeric lytic enzymes shuffled lytic enzymes, 
^ and holin proteins, either alone or in combination, may be used lo u-cai or prevent bacterial contamination of foodstuffs. The lytic 

enzyme can be used for the treatment or prevention of various su-ains of Staphylococcus, Streptococcus, Listeria, Salmonella, E- 
Q coli. Campylobacter, Pseudomonas, Brucella, other bacteria, and an.Y combination thereof Feed for livestock, poultry and beef in 
^ slaughterhouses, canned and bottled goods, salad bars, and eggs are just some of the food items that can be treated with at least one 
^ lytic enzyme to reduce the risk of food contamination by bacteria. 
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What we claim is: 

1 ) A method for the prevention of food poisoning, comprising 
administering to a food stock: 

an effective amount of at least one enzyme produced by a bacteria infected with 
a bacteriophage specific for said bacteria wherein said at least one enzyme is 
selected from the group consisting of lytic enzymes, shuffled lytic enzymes, 
chimeric lytic enzymes, and combinations thereof; 
wherein said food stock is selected from the group consistmg of live stock feed, eggs, 
salad bars, beef carcasses, chicken carcasses, food to be canned, and Uvestock feed. 

2) The method of claim 1, wherein said food stock is livestock feed. 

3) The method of claim 2, wherein said hvestock feed is for the feeding of cattle, 

4) The method of claim 2, wherein said livestock feed is for the feeding of chickens. 

5) The method of claim 2, wherein said livestock feed is for the feeding of hogs. 

6) The method of claim 2, wherein said hvestock feed is for the feeding of sheep. 

7) The method of claim 2, wherein said livestock feed is dry. 

8) The method of claim 2, wherein said Uvestock feed is a slurry. 
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9) The method of claim 1, further comprising delivering said at least one enzyme in a 
carrier suitable for delivering said at least one said enzyme. 



1 0) The method according to claim 1 , wherein said at least one enzyme is specific for at least 
one strain of Pseudomonas. 

11) The method according to claim I, wherein said at least one enzyme is specific for 
Streptococcus pneumoniae, 

12) The method according to claim 1, wherein said at least one enzyme is specific for 
Streptococcus fasciae 

1 3) The method according to claim 1 , wherein said at least one enzyme is specific for at least 
one strain of Listeria, 

14) The method according to claim 1 , wherein said at least one enzyme is specific for at least 
one strain of Salmonella. 

1 5) The method according to claim 1 , wherein said at least one enzyme is specific for at least 
one strain of coli. 

1 6) The method according to claim 1 , wherein said at least one enzyme is specific for at least 
one strain of Campylobacter, 
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The method according to claim 1 , wherein said at least one enzyme is specific for at least 
one strain of Pseudomonas. 



18) The method according to claim 1, wherein said at least one enz>'me is specific for 
5 Streptococcus mutans. 

19) The method according to claim 1, wherein said at least one enzyme is specific for 
Mycobacterium tuberculosis, 

1 0 20) The method according to claim 1 , wherein said at least one enzyme is specific for at least 
one strain of Streptococcus. 

21) The method according to claim 9, wherein said carrier is selected fi-om the group 
consisting of water, oil, micelles, inverted micelles, liposomes, starches, carbohydrates, 

15 and combinations thereof. 

22) The method according to claim 1 , wherein said at least one enzyme is in an environment 
having a pH which allows for activity of said at least one enzyme. 

20 23) The method according to claim 1, wherein said at least one enzyme is in a buffer that 
maintains pH of the composition at a range between about 4.0 and about 9.0. 

24) The method according to claim 23, wherein said buffer maintains the pH of the 
composition at the range of between about 5.5 and about 7.5. 
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25) The method accordmg to claim 23, wherein said buffer comprises a reducing agent. 

26) The method according to claim 25, wherein said reducing agent is dithiothreitol. 

5 

27) The method according to claim 23, wherein said buffer comprises a metal chelating 
reagent. 

28) The method according to claim 27, wherein said metal chelating reagent is 
10 ethylenediaminetetraacetic disodium salt. 

29) The method according to claim 23, wherein said buffer is a citrate-phosphate buffer. 

30) The method according to claim 1, further comprising a bactericidal or bacteriostatic 
1 5 agent as a preservative. 

31) The method according to claim 1, wherein said at least one enzyme is present in an 
amoimt ranging from about 100 to about 500,000 units per milliliter. 

20 32) The method according to claim 31, wherein said at least one enzyme is present in an 
amount ranging from about 1,000 units to about 100,000 units per milliliter. 



33) 



The method according to claim 32, wherein said at least one enzyme is present in an 
amount ranging from about 10,000 imits to about 100,000 units per milliliter. 
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34) The method according to claim 1, wherein said food stock is a salad bar, comprised of 
salad. 

35) The method according to claim 9, wherein said at least one enzyme is administered by 
spraying said at least one enzyme onto said salad.. 

36) The method according to claim 35, wherein said carrier for spraying said at least one 
enzyme onto said salad is selected from the group consisting of water and an oil based 
HMXture. 

37) The method according to claim 35, wherein said at least one enzyme is contained in a 
protecting structure selected from the group consisting of a micelle, reverse micelle, 
liposome, and combinations. 

38) The method according to claim 34, wherein said at least one enzyme is administered by 
dusting said at least one enzyme onto said salad. 

39) The method according to claim 9, wherein said at least one said enzyme is applied to 
carcasses of animals in a slaughterhouse processing plant. 

40) The method according to claim 38, wherein said animals are selected from the group 
consisting of cattle, hogs, sheep, and chickens. 
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) The method according to claim 39, further comprising administering said at least one 
enzyme by dipping said carcasses of said animals into a liquid containing said at least one 
enzyme. 

1) The method according to claim 39, further comprising administering said at least one 
enzyme by dusting said at least one enzyme onto the carcasses of said animals in the 
slaughterhouse processing plant. 

\) The method according to claim 9, wherein said at least one enyzme is added during 
grinding of ground meat 

[) The method according to claim 43, wherein said ground meat is groimd beef. 

>) The method according to claim 43, wherein said carrier carrying said at least one enzyme 
is a liquid carrier. 



The method according to claim 43, wherein said carrier carrying said at least one enzyme 
is in the form of a powder, said powder being selected jfrom the group selected from a 
carbohydrate powder, a cornstarch powder, and a protein powder. 

The method according to claim 9, wherein said at least one enzyme is added to ground 
meat after said meat is ground. 

The method according to claim 9, wherein said food stock is at least one egg. 



42 



wo 02/102405 



PCT/USOl/42886 



49) The method according to claim 48, wherein said carrier is a liquid, and said at least one 
egg is dipped into said liquid. 

50) The method according to claim 48, wherein said carrier is a liquid, and said liquid 
containing said at least one enzyme is sprayed on said at least one egg. 

51) The method according to claim 48, wherein said carrier is a powder, and said powder 
containing said at least one enzyme is sprinkled on said at least one egg. 

52) The method according to claim 48, wherein said carrier is a powder, and said egg is rolled 
in said powder. 

53) The method according to claim 1, wherein said at least one enzyme is added to a closed 
container containing said food stock, said at least one enzyme being added prior to said 
container being closed during food processing. 

54) The method according to claim 53, wherein said closed container is a bottle. 

55) The method according to claim 53, wherein said closed container is a can. 

56) The method according to claim 53, wherein said at least one enzyme is lyophilized. 

57) The method according to claim 53, further comprising a carrier suitable for delivering 
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said at least one enzyme. 

58) The method according to claim 57, wherein said carrier is selected from the group 
consisting of water, emulsion, and a solution. 

59) The method according to claim 53, wherein said at least one enzyme is protected by a 
structure selected from the group consisting of micelles, liposomes, and inverted 
micelles. 

60) The method according to claim 53, further comprising a buffer that maintains pH of the 
composition at a range between about 4.0 and about 9.0. 

61) A method for the treatment and prevention of food contamination, comprising: 
administering to a surface where food resides an effective amount of at least one enzyme 
selected from the group consisting of lytic enzymes, shuffled lytic enzymes, chimeric 
lytic enzymes, and combinations thereof, and combinations thereof. 

62) The method according to claim 61, further comprising a carrier suitable for delivering 
said at least one lytic enzyme. 

63) The method according to claim 62, wherein said carrier is selected from the group 
consisting of water, emulsion, and a solution. 

64) The method according to claim 62, wherein said carrier is applied to said surface with a 
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cloth. 

65) The method according to claim 62, wherein said carrier is applied to said surface with a 
sponge. 

66) The method according to claim-62, wherein said carrier is sprayed on said surface. 

67) Amethod for treating animal feed to prevent or treat bacterial contamination, comprising, 
administering to said animal feed an effective amount of at least one enzyme selected 
from the group consisting of at least one lytic enzyme produced by a bacteria infected 
with a bacteriophage specific for said bacteria, at least one modified version of said at 
least one lytic enzyme, and combinations thereof, wherein said modified version of said 
at least one lytic enzyme is selected from the group consisting of shuffled enzymes, 
chimeric enzymes, holin enzymes, and combinations thereof. 

68) The method of claim 67, wherein said animal feed is for an animal selected from the 
group consisting of cattle, chickens, hogs and sheep. 

69) The method of claim 67, wherein said animal feed is dry. 

70) The method of claim 67, wherein said animal feed is a slurry. 

71) The method of claim 67, further comprising deUvering said at least one lytic enzyme in 
a carrier suitable for delivering said at least one lytic enzyme. 
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72) A bacterial resistant animal feed comprising: 
an animal feed; and 

an effective amount of at least one enzyme selected from the group consisting of at least 
one lytic enzyme produced by a bacteria infected with a bacteriophage specific for said bacteria, 
at least one modified version of said at least one lytic enzyme, and combinations thereof, wherein 
said modified version of said at least one lytic enzyme is selected from the group consisting of 
shuffled l3^c enzymes, chimeric lytic enzymes, holin enzymes, and combinations thereof. 

73) The bacterial resistant animal feed of claim 72, further comprising a carrier, wherein said 
at least one enzyme is in said carrier. 

74) The method for treating salad bars to prevent or treat bacterial contamination, 
comprising: administering to said salad of said salad bar an effective amount of at least 
one enzyme selected from the group consisting of at least one lytic enzyme produced by 
a bacteria infected with a bacteriophage specific for said bacteria, at least one modified 
version of said at least one lytic enzyme, and combinations thereof, wherein said 
modified version of said at least one lytic enzjane is selected from the group consisting 
of shuffled lytic enzymes, chimeric lytic enzymes, holin enzymes, and combinations 
thereof 

75) The method of claim 74, further comprising deUvering said at least one enzyme in a 
carrier suitable for delivering said at least one lytic enzyme. 
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76) A bacterial resistant salad bar comprising: 

salad in a salad display in a public area; and 
an effective amount of at least one enzyme selected from the group consistingof at. 
least one lytic enzyme produced by a bacteria infected with a bacteriophage specific for 
5 ■ said bacteria, at least one modified version of said at least one lytic enzyme, and 

combinations thereof, wherein said modified version of said at least one lytic enzyme is 
selected from the group consisting of shufiled lytic enzymes, chimeric lytic enzymes, 
holin enzymes, and combinations thereof. 

10 77) The bacterial resistant salad bar of claim 76, fiirther comprising a carrier, wherem said 
at least one enzyme is in said carrier. 

78) A method for treating carcasses of animals to prevent food poisoning, comprising: 

administering to said carcasses of said animals an effective amount of at least one enzyme 
1 5 selected from the group consisting of at least one lytic enzyme produced by a bacteria infected 
with a bacteriophage specific for said bacteria, at least one modified version of said at least one 
lytic enzyme, and combinations thereof, wherein said modified version of said at least one lytic 
enzyme is selected from the group consisting of shuffled enzymes, chimeric enzymes, holin 
enzymes, and combinations thereof to said carcasses of said animals. 



79) The method according to claim 78, wherein said animals are selected from the group 
consisting of cattle, hogs, sheep, and chickens. 



The method according to claim 78, fiirther comprising dipping said carcasses of said 
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animals into a liquid containing said at least one enzyme. 

The method according to claim 80, further comprising dusting said at least one enzyme 
onto the carcasses of said animals in the slaughterhouse processing plant. 

A method for treating ground meat to prevent food poisoning, comprising: 
administering to said ground meat an effective amount of at least one enzyme selected 
from the group consisting of at least one lytic enzyme produced by a bacteria infected 
with a bacteriophage specific for said bacteria, at least one modified version of said at 
least one lytic enzyme, and combinations thereof, wherein said modified version of said 
at least one lytic enzyme is selected from the group consisting of shuffled lytic enzymes, 
chimeric lytic enzymes, holin enzymes, and combinations thereof, to said carcasses of 
said animals . 

The method of claim 82, wherein said at least one enzyme is added during the grinding 
of groxmd meat. 

The method of claim 81, wherein said enzyme is in a carrier suitable for delivering said 
at least one enzyme. 

The method of claim 82, wherein said carrier is selected is selected from the group 
consisting of water, oil, micelles, inverted micelles, liposomes, starches, carbohydrates, 
or combinations thereof. 



48 



wo 02/102405 PCT/USOl/42886 

86) A bacteria resistant ground meat, comprising: 

ground meat; and 

an effective amount of at least one enzyme selected from the group consisting of at 
least one lytic enzyme produced by a bacteria infected with a bacteriophage specific for 
said bacteria, at least one modified version of said at least one lytic enzyme, and 
combinations thereof, wherein said modified version of said at least one lytic enzyme is 
selected from the group consisting of shuffled lytic enzymes, chimeric lytic enzymes, 
holin enzymes, and combinations thereof 

87) The bacteria resistant ground meat of claim 86, wherein said ground meat is ground beef. 

88) The bacteria resistant ground meat of claim 86, wherein said bacteria for which said 
enzyme is specific is E. colt 

89) The bacteria resistant groxmd meat of claim 86, fiirther comprising a carrier, wherein said 
at least one enzyme is in said carrier. 

90) The bacteria resistant ground meat of claim 89, wherein said carrier is selected from the 
group consisting of water, oil, micelles, inverted micelles, liposomes, starches, 
carbohydrates and combinations thereof. 

91) A method for treating eggs to prevent food poisoning, comprising administering to shells 
of said eggs an effective amount of at least one enzyme selected from the group 
consisting of at least one lytic enzyme produced by a bacteria infected with a 
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bacteriophage specific for said bacteria, at least one modified version of said at least one 
lytic enzyme, and combinations thereof, wherein said modified version of said at least 
one lytic enzyme is selected fi-om the group consisting of shuffled lytic enzymes, 
chimeric lytic enzymes, holin enzymes, and combinations thereof, to said carcasses of 
said animals. 

92) The method of claim 9 1 , fiirther comprising a carrier suitable for delivering said at least 
one enzyme to the shells of said egg. 

93) The method of claim 92, wherein said eggs are dipped in a solution comprising said at 
least one enzyme. 

94) The method of claim 92, wherein said shells of said eggs are dusted with a carrier 
coniprising said at least one enzyme. 

95) The method of claim 91, wherein said carrier is selected fi-om the group consisting of 
water, oil, micelles, inverted micelles, liposomes, starches, carbohydrates, and 
combinations thereof. 

96) A method for reducing bacterial infections of sealed food containers, comprising 
administering to said food containers before they are sealed an effective amoimt of at 
least one enzyme selected fi"om the group consisting of at least one lytic enzyme produced 
by abacteria infected with a bacteriophage specific for said bacteria, at least one modified 
version of said at least one lytic enzyme, and combinations thereof, wherein said 
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modified version of said at least one lytic enzyme is selected from the group consisting 
of shuffled lytic enzymes, chimeric lytic enzymes, holin enzymes, and combinations 
thereof, to said carcasses of said animals. 

97) The method of claim 96, wherein said sealed food container is a bottle. 

98) The method of claim 96, wherein said sealed food container is a can. 

99) The method of claim 96, further comprising deUvering said enzyme in a carrier suitable 
for delivering said enzyme. 

1 00) The method of claim 99, wherein said carrier is selected from the group consisting of a 
micelle, reverse micelle, liposome, and combinations thereof. 

101) The method according to claim 96, wherein the enzyme is in an environment having a pH 
which allows for activity of said enzyme. 

102) The method according to claim 101 , wherein said enzyme is in a buffer that maintains 
pH of the composition at a range between about 4.0 and about 9.0. 

103) The method according to claim 103, wherein said buffer maintains the pH of the 
composition at the range of between about 5.5 and about 7.5. 

104) The method according to claim 102, wherein said buffer comprises a reducing agent. 

51 



wo 02/102405 



PCT/USOl/42886 



105) The method according to claim 104, wherem said reducing agent is dithiothreitol. 

106) The method according to claim 102, wherein said buffer comprises a metal chelating 
reagent. 

107) The method according to claim 106, wherein said metal chelating reagent is 
ethylenediaminetetraacetic disodium salt. 

1 08) The method according to claim 102, wherein said buffer is a citrate-phosphate buffer. 

109) The method according to claim 96, further comprising a bactericidal or bacteriostatic 
agent as a preservative. 

110) The method according to claim 96, wherein said at least one enzyme is present in an 
amount ranging from about 100 to about 500,000 units per milliliter. 

111) The method according to claim 110, wherein said at least one enzyme is present in an 
amoimt ranging from about 1,000 units to about 100,000 xmits per milliliter. 

112) The method according to claim 111, wherein said at least one enzyme is present in an 
amount ranging from about 10,000 xmits to about 100,000 miits per milliliter. 

1 13) A method for reducing bacterial infections of liquids, comprising administering to said 
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liquids an effective amount of at least one enzyme selected from the group consisting of 
at least one Ij'tic enzyme produced by a bacteria infected with a bacteriophage specific 
for said bacteria, at least one modified version of said at least one lytic enzyme, and 
combinations thereof, wherein said modified version of said at least one lytic enzyme is 
selected from the group consisting of shuffled lytic enzyines, chimeric lytic enzymes, 
holin enzymes, and combinations thereof 

114) The method of claim 113, wherein said liquid is in a bottle. 

1 15) The method of claim 1 13, wherein said liquid is in a can. 

116) The method of claim 113, fiuther comprising delivering said enzyme in a carrier suitable 
for delivering said enzyme. 

117) The method of claim 116, wherein said carrier is selected from the group consisting of 
a micelle, reverse micelle, liposome, and combinations thereof. 

118) The method according to claim 113, wherein the enzyme is in an environment having a 
pH which allows for activity of said enzyme. 

119) The method according to claim 118, wherein said enzyme is in a buffer that maintains 
pH of the composition at a range between about 4.0 and about 9.0. 

120) The method according to claim 119, wherein said buffer maintains the pH of the 
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composition at the range of between about 5.5 and about 7.5. 

121) The method according to claim 119, wherein said buffer comprises a reducing agent. 

122) The method according to claim 121, wherein said reducing agent is dithiothreitol. 

123) The method according to claim 119, wherein said buffer comprises a metal chelating 
reagent. 

124) The method according to claim 123, wherein said metal chelating reagent is 
ethylenediaminetetraacetic disodium salt. 

125) The method according to claim 119, wherein said buffer is a citrate-phosphate buffer. 

1 26) The method according to claim 113, further comprising a bactericidal or bacteriostatic 
agent as a preservative. 

127) The method according to claim 113, wherein said at least one enzyme is present in an 
amount ranging from about 100 to about 500,000 units per milliliter. 

128) The method according to claim 127, wherein said at least one enzyme is present in an 
amount ranging from about 1,000 units to about 100,000 units per milliliter. 

129) The method according to claim 128, wherein said at least one enzyme is present in an 
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amount ranging from about 10,000 units to about 100,000 units per milliliter. 
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